Journal of Pain Research Dovepress
Taylor & Francis Group

ORIGINAL RESEARCH

Psycho-Socio-Behavioural Substrates of
Non-Cancer Chronic Pain: A Twin Study in Italian

Adults

Corrado Fagnani ', Virgilia Toccaceli ', Michael Tenti 2, Emanuela Medda ', Maurizio Ferri(®',
William Raffaeli(?

!Centre for Behavioural Sciences and Mental Health, Istituto Superiore Di Sanita, Rome, ltaly; 2ISAL Foundation, Institute for Research on Pain,
Rimini, Italy

Correspondence: Corrado Fagnani, Centre for Behavioural Sciences and Mental Health, Istituto Superiore di Sanita, Viale Regina Elena 299, Rome,
00161, Italy, Email corrado.fagnani@iss.it

Background: Chronic pain (CP) is a debilitating condition characterized by pain lasting longer than three months, significantly
impairing physical, emotional, and social functioning. Comorbidities such as depression can exacerbate the severity and persistence of
CP, leading to greater functional impairment and diminished quality of life. Characterizing the psycho-socio-behavioural substrates of
CP is crucial for improving treatment and prevention strategies based on multidisciplinary approaches.

Methods: The study sample included 750 monozygotic (MZ) and dizygotic (DZ) twin pairs aged 18-82 years, enrolled in the Italian
Twin Registry. Non-cancer CP-related characteristics (ie, CP occurrence, intensity and body location) as well as depressive sympto-
matology, sleep quality and perceived social support were assessed by validated self-report questionnaires. The twin study methodol-
ogy was applied to control for genetic and shared environmental confounding while estimating the association of CP with psycho-
socio-behavioural variables.

Data Analysis: Individual-level and intrapair-level regression were used to estimate the association of CP with psycho-socio-
behavioural variables. Biometrical structural equation modelling and mediation analysis were performed to shed light on the
etiological mechanisms underlying this association.

Results: As regards CP and depressive symptomatology, individual-level association in the total sample of twins and intrapair-level
associations in MZ and DZ pairs discordant for CP were all significant and of similar magnitudes, possibly consistent with a quasi-
causal relationship. Under the best-fitting biometrical structural equation model, unique environmental factors explained 73% (95%
CI: 19-100%) of phenotypic correlation between CP and depressive symptoms. Life satisfaction and sleep quality resulted to mediate
the association between CP and depression, with a global indirect effect from CP to depression of 0.32 (0.22-0.44).

Conclusion: This study provides insights into the relationship of CP with depression, suggesting a quasi-causal connection between
them, an important contribution of unique environmental factors in this connection, and a mediating role of sleep quality and
subjective wellbeing.
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Introduction
Chronic pain (CP) is a pervasive and debilitating condition characterized by pain lasting longer than three months,'
significantly impairing physical, emotional, and social functioning.>* It is a major public health concern globally, leading
to substantial personal suffering and socioeconomic costs.*> While the etiology of CP is multifaceted, involving
complex interactions between genetic, environmental, and psychological factors, the precise mechanisms remain not
completely understood.®

Comorbidities such as depression and sleep disturbances can exacerbate the severity and persistence of CP, leading to
greater functional impairment and diminished quality of life, or complicating the management of the condition.
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Depression, in particular, is one of the most common CP-associated comorbidities. The 2019 European Health
Interview survey conducted in Italy on a representative sample of the general population has estimated a prevalence of
around 11% of diagnosed depression in non-cancer CP-affected adult subjects compared to around 2% in CP-free
subjects.” The CP-depression comorbidity arises from several factors, and shared neurobiological mechanisms, including
neurotransmitter imbalances, maladaptive neuroplasticity, and inflammatory dysfunction, may play a relevant role.®
Moreover, different studies suggest that it complicates diagnosis, treatment, and prognosis of both the conditions.” '

In this regard, a particularly important syndrome that may be worth mentioning here is fibromyalgia, a complex and
still poorly understood pain disorder mainly characterized by widespread pain, chronic fatigue, and sleep disturbance,
occurring in a non-negligible percentage of the general population (2—4%). Fibromyalgia patients are at increased risk for
a lifetime history of depression compared to other chronic pain patients, and this comorbidity has shown to be an obstacle
in improving pain intensity.'*'?

Sleep problems represent another frequently occurring comorbidity alongside CP. Studies found that from 50% up to
88% of people experiencing CP struggle with sleep difficulties.'® Individuals experiencing both CP and sleep distur-
bances tend to have more severe and longer-lasting symptoms, increased disability, and additional comorbid conditions,
such as depression, anxiety, and suicidality.'”

Evidence suggests that CP and depression, as well as CP and sleep disturbances, affect each other. In fact, sleep

disturbances or depression can predict changes in pain levels, while changes in pain can affect sleep or depression.'® 2!

CP, depression, and sleep disturbances can frequently co-occur. In patients with chronic musculoskeletal pain, Wilson et al**
found that these conditions co-occur in 26.5% of the sample.
Interrelationships among the three conditions have also been documented, but possible causal orders for these

relationships are difficult to elucidate,> ¢ 27,28

considering as well that other factors can mediate the relationships.

A Dbetter understanding of the interrelations between CP, depression, and sleep disturbances, in particular the heritable
components and environmental factors involved in such interrelationships, might be crucial for developing effective
interventions and support systems.

Twin studies offer a unique and powerful method to disentangle the genetic and environmental influences on complex
traits and conditions. By comparing monozygotic (MZ) twins, who share nearly 100% of their genetic material, with
dizygotic (DZ) twins, who share approximately 50% of their segregating genes, researchers can estimate the heritability
of specific traits and conditions. Moreover, this approach may be particularly suitable to help to understand the interplay
between different correlated outcomes.

To the best of our knowledge, no studies so far have explored the relationship between CP, depression, sleep quality
and other psychosocial factors that may mediate these relationships within a single twin study. For instance, social
support has been found to mediate the relationship between pain and depressive symptoms in osteoarthritis patients,’
and increased social support is found to be associated with lower sleep problems and pain severity in chronic low back
pain patients.>® In a longitudinal study on patients with and without chronic pain at baseline, life satisfaction at baseline
was associated with lower severe pain at follow-up compared to participants with severe distress and not satisfied with
life.*® Moreover, in patients with chronic pain related to spinal cord injury,® life satisfaction fully mediates the
relationship between pain intensity and depression. The association of depression and sleep quality with acute pain
has already been explored in a community sample of twins,?' and it has been found that the pattern of genetic and non-
shared environmental correlations was compatible with potential causality between sleep quality and pain, and between
sleep and depression, but not between pain and depression.

Therefore, the present study applies a twin design to unravel the mechanisms underlying the relationship of CP with
depression, sleep quality, satisfaction with life, and social support, using a sample of adult Italian twins drawn from the
population-based Italian Twin Registry (ITR).

Specifically, the objective of the present study is twofold: (i) to estimate the association of CP with the specific
psycho-socio-behavioural variables listed above, while taking into account confounding effects due to genetic and shared
familial environmental factors; (ii) to explore the pathways that might underlie the observed associations between CP and
the targeted psycho-socio-behavioural variables, and particularly, possible direct or mediated causal relationships.
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The findings of this study have the potential to offer insights into the shared and unique etiological pathways of these
complex factors, providing a foundation for more targeted and effective therapeutic approaches.

Material and Methods

Recruitment of Study Sample

In February 2020, a nationwide online survey on CP, based on the LimeSurvey Professional Platform (LimeSurvey
GmbH, Hamburg, Germany) was conducted on around 6000 adult twins of Caucasian origin, previously enrolled in the
population-based ITR. To date, more than 30,000 twins of all ages and geographical areas joined the ITR and were
assessed for socio-demographic and health characteristics, including behavioural and mental health traits.>* Detailed
information on the survey procedures and tools can be found elsewhere.>

Study Measures

Zygosity Assessment

Twin pairs were classified as MZ or DZ based on a standard algorithm including questions on physical similarity of the
twins during childhood. This method for zygosity assessment is well-established in twin studies and is generally over
95% accurate.

CP Assessment

CP occurrence and intensity were assessed by the Brief Five-Item Chronic Pain Questionnaire, previously validated by
our group in a representative sample of the Italian general population.>* More precisely, CP occurrence was identified as
a pain status persisting for more than three months, according to the IASP definition,' and was therefore described by
a binary variable (1=yes, 0=no); CP intensity was initially evaluated on a 6-point Likert scale (no pain, very mild, mild,
moderate, severe, very severe), but for analytical purposes, the “very mild” and “very severe” categories were subse-
quently combined with the “mild” and “severe” ones respectively, due to low numbers; indeed, only 13 subjects (3.6%)
and 6 subjects (1.7%) reported very mild and very severe pain intensity, respectively (see first report).>* CP body location
was assessed by a 70-site map encompassing 35 frontal sites and as many corresponding posterior sites; based on this
map, the total number of sites affected by CP was first calculated and then transformed into an ordinal variable (0, 1-2,
3+ sites). This body map allows detailed quantification of pain distribution across multiple anatomical regions, and was
previously used by our group in a population-based twin study on chronic pain in Italy.**> Similar approaches have been
adopted in previous twin studies investigating the heritability of chronic widespread pain. For instance, Kato et al,*> Burri
et al,*® and Markkula et al’” used the American College of Rheumatology (ACR) criteria or similar region-based body
maps to define CP phenotypes and reported comparable heritability estimates ranging from 51% to 58%. These findings
suggest that the number of painful body regions—regardless of a specific anatomical location—might be a meaningful
indicator of pain chronicity and centralization, and supports the validity of using body maps in genetically informed CP
research.*®

Psycho-Socio-Behavioural Factors’ Assessment

The following psychological, social, and behavioural variables were considered in this study: (i) subjective wellbeing,
assessed by the Satisfaction with Life Scale (SWLS)*® (5 items on a 7-point Likert scale from 1 to 7, total score range:
5-35, higher scores indicate higher wellbeing); (ii) depressive symptomatology, assessed by the 2-item Patient Health
Questionnaire (PHQ-2)*° (2 items on a 4-point Likert scale from 0 to 3, total score range: 0—6, higher scores indicate
worse symptomatology; a score of 3 is sometimes used as a cut-off value for pre-screening of depression); (iii) social
support, assessed by the 3-item Oslo Social Support Scale (0SSS-3)*! (1 item on a 4-point Likert scale from 1 to 4 and 2
items on a 5-point Likert scale from 1 to 5, total score range: 3—14, higher scores indicate stronger social support); (iv)
sleep quality, assessed by the Pittsburgh Sleep Quality Index (PSQI)*? (19 items grouped into 7 components each ranging
from 0 to 3, total score range: 021, higher scores indicate worse sleep quality). Cronbach’s alpha values in the current
sample were 0.88 for SWLS, 0.52 for OSSS-3, and 0.71 for PSQI. Internal consistency was not calculated for PHQ-2;
indeed, Cronbach’s alpha statistic is generally not recommended or considered meaningful with only two items, and it is
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heavily influenced by the number of items, as also shown by the lower alpha value obtained for the social support scale,
based on 3 items.

Statistical Methods

All statistical analyses described below were performed with the Stata software version 16 (StataCorp LLC, College
Station, TX, USA), with the exception of biometrical modelling that was carried out using the OpenMx package in R.**
As detailed in the appropriate sections, only individual age was considered as a covariate in statistical modelling since it
played a significant role in every model, while sex contribution was negligible at all levels of analysis; furthermore, in
order to avoid over-adjustment bias in the analysis of the association between CP and psycho-socio-behavioural factors,
these factors were not adjusted for in the modelling as they were hypothesized to play a mediating role in the association
under study.

Sample Description

Descriptive statistics in terms of means (with standard deviations and ranges) and percentages for socio-demographic and
CP characteristics were calculated and are available from a previous report by our group, being the present study sample
exactly the same as that considered in our first report.**

Association of CP Characteristics with Psycho-Socio-Behavioural Factors
To investigate if CP characteristics could be associated to psychosocial and behavioural factors, we first considered twins
as individual subjects and then exploited the pair-matched nature of twin data.

Individual-Level Association

In the individual-level analysis, linear regression models were fitted to each psycho-socio-behavioural factor as
continuous response variable predicted by each CP-related variable, adjusting by age and using robust standard errors
estimation to take account of the non-independence of data within twin pairs. For visual inspection of emerging
associations, predictive margins of the regression models were estimated and plotted.

Intrapair-Level Association

In the intrapair-level analysis, pairs of twins that were “discordant” for CP occurrence (ie, one pair member reported CP
while the other did not) were stratified by zygosity (MZ or DZ) and were analysed as case-control dyads by conditional
logistic regression to assess association of CP with each psycho-social/behavioural factor. Intrapair-level associations
were then compared to individual-level ones to evaluate genetic/environmental confounding and infer possible causality.
Briefly, if individual-level and intrapair-level associations are all significant and of similar magnitudes, then genetic and
environmental confounding are unlikely to come into play and a “quasi-causal” relationship can be hypothesized.**

Biometrical Structural Equation Modelling

Biometrical structural equation models in bivariate versions (with CP as a binary variable and psycho-socio-behavioural
factors as continuous variables) and including age as a covariate were used to explore genetic and environmental overlap
between CP occurrence and those psycho-socio-behavioural factors for which a quasi-causal link with CP was suggested
from previous association analyses. These models allow decomposing the variance of each trait and the covariance
between them into contributions due to latent additive genetic (A), either non-additive genetic (D) or shared (familial)
environmental (C), and unique (individual-specific) environmental (E) sources. The A source represents the additive
effects of all gene variants (ie, alleles) that influence the trait, without interactive effects; the D source represents
interactions between alleles at the same fixed chromosomal site (ie, locus) (“dominance”) or at different loci (“epis-
tasis”); the C source represents the effects of environmental factors that are shared by the twins within the family (eg,
rearing environment, family socio-economic status, parental behaviours, etc.) or in the womb (eg, hormonal exposures);
the E source represents the effects of environmental factors that are unique to an individual (eg, lifestyles, relations with
peers, infections, etc)., including measurement error. Only three of these four variance/covariance components can be
simultaneously estimated because C and D components are confounded when analyzing data from MZ and DZ twins
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reared together.*> Therefore, a full ACE model was fitted, and it was then compared with the more parsimonious AE
model by using the Akaike Information Criterion (AIC). Parameter estimates were reported under the best-fitting model,
namely the one with a lower AIC value.

Mediation Analysis

A mediation model further refining the possible quasi-causal link between CP occurrence and specific psycho-socio-
behavioural factors was fitted following the regression-based steps recommended by Baron and Kenny*® and including
age as a covariate. When significant evidence for mediation emerged, total effect was decomposed into the sum of direct
and indirect effect, and confidence intervals for indirect effect was estimated by a bootstrap procedure with 5000
replicates.

Results

Study Participants

Among the 6000 invited twins, 3258 replied to the online survey (response rate 54%); these included 762 intact pairs,
plus 1734 unmatched twins. All intact pairs were used for sample description, while subsequent analyses were based on
750 pairs, after excluding twins with unknown zygosity or cancer-related CP.

Sample Description

The main socio-demographic and CP-related characteristics are summarized in our previous report.*? Briefly, the
study sample was aged 39 years on average (age range: 18—82 years), and included 34% of males and 57% of MZ
twins. CP prevalence was 24.1% (24.4% males, 23.9% females), with 17.8% of CP-affected subjects reporting
a severe (16.1%) or very severe (1.7%) pain condition. As regards the causes of pain, “trauma without surgery”
and “an illness diagnosed by a doctor” were the most frequently reported origins (39.8% and 35.2%, respectively). As
a novel information not reported in our previous work, CP body location was available for 98.9% of CP-affected
subjects; for 11.6% of these, pain was localized in only one body site, for 30% in two sites, and for 58.4% in at least
three sites. Mean values of the psycho-socio-behavioural factors were 24.8 for SWLS (24.9 males, 24.7 females), 1.2
for PHQ-2 (1.2 males, 1.3 females), 9.8 for OSSS-3 (9.8 males, 9.8 females), and 5.5 for PSQI (5.1 males, 5.7
females).

Association of CP Characteristics with Psycho-Socio-Behavioural Factors

As regards individual-level association analysis, Figures 1-3, and Supplementary Figures S1-S6 show the predictive
margins of the regression models of each psycho-socio-behavioural factor on each CP-related variable. Graphs for
social support were not reported due to the lack of clear trends. For the other factors, compared to CP absence: (i)
SWLS score significantly decreased with CP occurrence, with a moderate or severe/very severe CP intensity, or with
more than three involved body sites; (ii) PHQ-2 score significantly increased with CP occurrence, with any CP
intensity level, or with any number of involved body sites; (iii) OSSS-3 score was significantly reduced, only for
females, in the presence of CP or in case of more than 3 body sites affected (graphs not reported); (iv) PSQI score was
significantly higher in the presence of CP, as well as in case of a moderate or severe/very severe CP intensity, or with
more than 3 affected body sites.

As regards intrapair-level association analysis, Table 1 shows the odds ratios estimated by conditional logistic
regression of CP occurrence on each psycho-socio-behavioural factor, considering MZ and DZ twin pairs discordant
for CP. The odds ratios obtained by standard logistic regression in the total sample of individual twins are also reported in
the same table. Among all the psycho-socio-behavioural factors considered, only for PHQ-2, individual-level association
(not adjusted for genetic and familial confounding) and intrapair-level association in MZ (totally adjusted for genetic and
familial confounding) and DZ discordant pairs (partially adjusted for genetic confounding and totally adjusted for
familial confounding) were all significant and of similar magnitudes, possibly consistent with a quasi-causal relationship
between CP and depression symptomatology.
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Figure | Predictive margins of regression models of satisfaction with life on chronic pain occurrence.
Note: *Significant difference compared to base category (ie, no chronic pain).
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Note: *Significant difference compared to base category (ie, no chronic pain).
Abbreviations: CP, chronic pain; SWLS, satisfaction with life scale.
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Table | Individual- and Intrapair-Level Associations of Chronic Pain with Psycho-Socio-Behavioural Factors

Psycho-socio-Behavioural Factors Individual Model Intrapair Model Intrapair Model
(All Twins, N=1500) (DZ Discordant Pairs, N=104) (MZ Discordant Pairs, N=117)
OR P OR P OR P

SWLS 0.95 <0.01 0.92 <0.0/ 1.01 0.83

PHQ-2 1.24 <0.01 1.38 <0.05 1.33 <0.05

OSSS-3 0.93 0.06 0.87 0.10 0.97 0.70

PSQI I.16 <0.01 1.06 0.33 1.01 0.93

Notes: Bold data indicate associations that resulted simultaneously significant in all models (ie, individual, intrapair DZ, intrapair MZ). Discordant pairs indicate twin pairs in
which only one member is affected by chronic pain. In the individual model, ORs are derived from standard logistic regression applied to the total sample of twins; in the
intrapair models, ORs are derived from conditional logistic regression applied to CP-discordant twins.

Abbreviations: MZ, monozygotic; DZ, dizygotic; OR, odds ratio for chronic pain; p, p-value; SWLS, satisfaction with life scale; PHQ-2, 2-item patient health questionnaire;
OSSS-3, 3-item Oslo social support scale; PSQI, Pittsburgh sleep quality index.

Biometrical Structural Equation Modelling

The comparison between the full ACE and the reduced AE model supported the latter model as the one providing a better balance
between goodness of fit and parsimony based on the AIC index (ACE model: AIC=6613.46; AE model: AIC=6611.44);
furthermore, the likelihood-ratio test for nested models showed that the C component was not significant (p=0.26). Therefore,
the AE parameterization was retained as the best-fitting model. This was in agreement with twin correlations’ estimates in MZ
[CP: tMZ=0.38 (95% CI 0.28-0.48), PHQ-2: tMZ=0.28 (0.22-0.34)] and DZ pairs [CP: rDZ=0.00 (-0.11-0.11), PHQ-2:
1DZ=0.09 (0.03-0.15)], which did not provide any support for shared environmental effects on the study variables.** The best-
fitting age-adjusted bivariate AE model for CP (as a binary variable) and PHQ-2 (as a continuous variable) provided heritability
estimates of 0.33 (95% CI 0.17-0.47) and 0.27 (0.18-0.35) for CP and PHQ-2 respectively, with the remaining proportions of
variance explained by unique environmental factors. The phenotypic correlation between CP and PHQ-2 [0.16 (0.12-0.20)] was
mainly due to overlapping unique environmental factors [73% (19-100%)], with a lower yet still sizeable genetic contribution
[27% (0-81%)].

Mediation Analysis
Figure 4 shows the mediation model for the possible quasi-causal link between CP and depression symptomatology.
Results are presented assuming a cascade mechanism from CP to depression, but the inverse model could also be

de =.08(.09), p =.357

te =.40 (.09), p <.001
ie =.32(.06), p <.001

Figure 4 Mediation model for the link between chronic pain and depression symptomatology.

Note: Standard errors of estimates are reported in parentheses.

Abbreviations: CP, chronic pain; SWLS, satisfaction with life scale; PHQ-2, 2-item patient health questionnaire; PSQI, Pittsburgh sleep quality index; al, a2, bl, b2
unstandardized age-adjusted regression coefficients; p, p-value; te, total effect; de, direct effect; ie, indirect effect.
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hypothesized. Both life satisfaction and sleep quality resulted to mediate the association between CP and depressive
symptoms, with an estimated global indirect effect of 0.32 (0.22—-0.44) comprising indirect effects of 0.12 (0.06-0.19) via
life satisfaction and of 0.20 (0.12-0.26) via sleep quality. Under the inverse model, the global indirect effect of
depressive symptoms on CP was 0.15 (0.09-0.22), with a life satisfaction-mediated component of 0.04 (0.00-0.09)
and a sleep quality-mediated component of 0.11 (0.06-0.16).

Discussion

The main finding of our study is the support for the hypothesis that a quasi-causal relationship may exist between CP and
depressive symptoms. Causal inference on this relationship was made possible by the twin study design we used. This
unique observational design mimics the well-known advantage of experimental strategies to allow control over unob-
served genetic and shared familial confounding while estimating the association between traits. In particular, we found
that the association between CP and depressive symptoms remained significant and of similar magnitude both in twins as
individual subjects and within MZ and DZ discordant pairs; therefore, the association resulted robust to adjustment for
the latent effect of innate and acquired factors that might simultaneously impact on CP and depressive symptoms, being
consistent with at least partial causality. Moreover, results argue in favor of unique environmental factors mainly
contributing to the CP-depression relationship, with a weaker role of shared genetic effects. Our results are only partially

in line with two previous twin studies on different pain phenotypes,*'*’

that found a somewhat higher correlation
between pain and depression, as well as a substantially larger role of genetic factors in explaining this correlation.

Though very powerful, the discordant-twin design in its cross-sectional version still suffers from the limitation of not
being able to conclusively unravel the directionality question, thus leaving doubt on which comes first between CP and
depressive symptomatology. In this respect, longitudinal data on discordant twin pairs would represent a maximally
informative resource.

Nevertheless, not only a bidirectional association between CP and depression is well-recognized in the
literature,”*2"*® but also a “differential causality” was suggested,” where CP might be a primary causal factor in
some individuals, while depression may precede and amplify pain in others.

Given these premises, it is important to understand which mechanisms or factors contribute to the development of one
condition when the other is already present, and vice versa.

Our mediation analyses suggested that the effect of CP on depressive symptoms might be fully and indirectly
expressed through an impairment of sleep quality and a reduced level of subjective wellbeing as measured by life
satisfaction, confirming various literature findings. Several studies have already found that sleep quality mediates the
relationship between pain intensity and symptoms of depression.>**>%! A recent meta-analysis of cohort and case-
control studies found that sleep disturbance partially mediates the association between depression and pain intensity.>
For what concerns life satisfaction, in a longitudinal study on patients with and without CP at baseline, life satisfaction at
baseline was associated with lower severe pain at follow-up, compared to participants with severe distress and not
satisfied with life.>* Moreover, life satisfaction fully mediated the relationship between pain intensity and depression in
patients with CP related to spinal cord injury.”®

It is important to underline, in this framework, that several psychosocial variables, other than sleep and wellbeing,

such as catastrophizing®*>* 53,56

or self-efficacy, might affect the link from CP to depression and vice versa. Therefore,
the evidence of a significant contribution of sleep and wellbeing emerging from our findings may help shaping the
borders for a role of these additional factors in mediating the CP-depression comorbidity.

As it is now well-known, intervention strategies in this area require an integrated approach where each involved factor has
to be addressed taking into account all the others. The findings of this study have important clinical implications, as they
highlight the key role of modifiable factors—specifically, sleep quality and life satisfaction—in mediating the relationship
between CP and depression. Addressing these factors may enhance treatment outcomes by reducing depressive symptoms
associated with CP. Consistent with our results, a recent meta-analysis demonstrated that cognitive behavioral therapy for
insomnia (CBT-I) significantly improves both pain and depressive symptoms in patients with CP and comorbid insomnia.’’

Additionally, interventions grounded in positive psychology, which aim to foster life satisfaction and emotional well-being,
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have been shown to significantly alleviate pain intensity and depressive symptoms.>® These findings underscore the potential
benefits of incorporating sleep-focused and well-being-enhancing strategies into multidisciplinary pain management programs.

Our findings should be interpreted with caution, due to some study weaknesses. One limitation is the sample size, that
did not allow us to test for sex or age differences not only in genetic and environmental contributions to CP-depression
comorbidity, but also in mediating effects. In particular, as some pain conditions and psychological vulnerabilities may
vary significantly across the lifespan, future studies could explore age-specific patterns more thoroughly. In addition,
other variables as occupational impairment, economic burden, or perceived treatments effectiveness could be considered
in future studies as potentially important confounding or moderating variables in structural equation modelling and
mediation analysis, examining the interplay between chronic pain, depression, and other psychosocial outcomes. Another
limitation is the cross-sectional design with simultaneous assessment of exposure and outcome variables; this left open
questions about the link between CP and depression, especially with respect to directionality and to whether the
estimated effects reflect a long-term or a transient association. As an additional issue, study variables may have been
affected by the self-report nature of collected data. Although the present study focused on the psycho-socio-behavioural
substrates of CP as a general and heterogeneous condition in the adult population, future investigations may benefit from
targeting specific CP conditions such as fibromyalgia or chronic fatigue syndrome that have shown complex psycholo-

gical and genetic correlates in previous research,®”>’

to better elucidate their unique psycho-socio-behavioural profiles.
Furthermore, given the wide age range of the twin sample, spanning from young adulthood to elderly, shared environ-

mental influences could not be reliably tested, and gene—environment interactions likely affected our results.

Conclusion

This study provides valuable insights into the relationship between CP and depression, suggesting a potential quasi-
causal connection between the two conditions, an important role of modifiable individual-specific factors (including but
not limited to lifestyle-related factors) in this connection, and possible mediating effects of sleep quality and subjective
wellbeing. These results should be interpreted with caution and need to be replicated in subsequent studies using
alternative designs and statistical approaches, and taking pain intensity into account, preferably based on a numerical
rating scale assessment. Understanding the CP-depression link is crucial for improving both treatment and prevention
strategies, as addressing one condition may help mitigate the other. A multidisciplinary approach integrating pain
management, psychological interventions, and other therapeutic modalities can significantly enhance the quality of life
for individuals suffering from both CP and depression. This comprehensive approach is critical for providing more
effective and holistic care to patients dealing with these interconnected and severe conditions.
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